We re-examine a recent claim by Han et al. (2002) that the ionization energy in the envelope has to be included in the ejection criterion of common envelopes. In particular, we argue that (1) they do not include an appropriate mass loss rate prior to the onset of the common envelope, i.e., their mass loss rate is much too low; (2) They do not include the energy radiated by the accreting white dwarf companion, as well as that emitted by the core of the giant star; and (3) As argued by one of us before, the opacity in the envelope is too low for the efficient usage of the ionization energy.
INTRODUCTION
In the common envelope (CE) phase a compact companion enters the envelope of a more extended star, e.g., an asymptotic giant branch (AGB) or red giant branch (RGB) star, and because of tidal interaction and friction, the orbit shrinks (see reviews by Iben & Livio 1993 and . A commonly used parameter is the ratio of the binding energy of the ejected envelope, ∆E bind , to the orbital energy that is released during the CE phase, ∆E orb : α CE ≡ ∆E bind /∆E orb (e.g., Livio & Soker 1988; Sandquist et al. 1998 ; Note that different definitions for the binding energy exist, e.g., O'Brien, Bond, & Sion 2001) . In some systems the usage of the above expression in a simple manner yields α CE > 1. This led some researchers to argue that the energy stored in the envelope, and in particular the ionization energy, i.e., the energy released when the envelope material recombines, is the extra energy needed to expel the CE (e.g., Han, Podsiadlowski, & Eggleton 1994; Dewi & Tauris 2000; Maxted et al. 2002 , and earlier references in these papers). This proposed mechanism was criticized by us in previous papers. Harpaz (1998) criticized the paper by Han et al. (1994) , arguing that after recombination the opacity drops sharply, hence the released energy flows outward instead of pushing mass outward. Soker (2002) criticized the paper by Maxted et al. (2002) for not considering the mass lost from the envelope prior to the onset of the CE. Eggleton (2002) notes that a close companion may substantially enhance mass loss rate prior to the onset to a Roch lobe overflow (RLOF), with the possibility of preventing a CE phase altogether.
In a very recent paper, Han et al. (2002) , using population synthesis to study the formation of subdwarf B stars in binary systems, argue that ". . the ionization energy in the envelope has to be included in the ejection criterion . .". We do not agree with this assessment. Moreover, we are surprised to find that they do not confront the criticism mentioned above, although they were acquainted with its existence. This is a fundamental question in the common envelope process, and it is relevant to many different kinds of close binary systems. For example, Lobel et al (2002) propose that the high mass loss rate during the outburst of the yellow hypergiant ρ Cassiopeiae was driven by the release of hydrogen recombination energy. For that, we critically examine some of the assumptions and calculations in these papers. In particular, we find the sections dealing with the CE channel for the formation of subdwarf B stars in Han et al. (2002) , to contain, what we consider, some flaws, which we elaborate on in the next section, and which led them to the above statement regarding the ionization energy.
THE CRITICISM
(1) The enhanced mass loss rate due to fast rotation. In their simulations, the CE starts when the primary RGB star overflows its Roche lobe. Using the approximate equation for Roche lobe size (Eggleton 1983) , we find that for most cases they explore RLOF that takes place when R g ∼ 0.5a, where R g is the giant radius, and a is the the orbital separation. Because of tidal interaction, the secondary will bring the giant envelope to corotate with the orbital motion when the RGB stellar radius becomes R g ∼ > 0.15a (see scaled equations in Soker 1996) . We examine the last ∼ 30% of the radius evolution, namely from R g ≃ 0.35a to R g ≃ 0.5a. During this period the orbital velocity of the synchronizely-rotating RGB star increases from ω ≃ 0.2ω Kep to ω ≃ 0.35ω Kep , where ω Kep is the (critical) Keplerian angular velocity on the giant's equator. Such a high rotation velocity of a deeply convective envelope is likely to result in strong magnetic activity, which most likely enhances the mass loss rate (e.g., Soker & Clayton 1999) . If a fraction η = 0.1 of the radiation momentum is invested in blowing a slow wind at a speed v = 10 km s −1 , then by momentum balance we find the mass loss rate to beṀ = 2 × 10 −7 (L/10 3 L ⊙ )M ⊙ yr −1 , where L is the stellar luminosity. This is ∼ > 10 times larger than the rate assumed by Han et al. (2002) . For several million years of evolution during this stage, the RGB star may lose an extra mass of few tenths to one solar mass. We note that in AGB stars η can become much larger, with η ∼ 1, and with a higher mass loss rate for the same stellar luminosity. Our view that RGB stars rotating at ω ∼ 0.1ω Kep can lose substantial fraction of their envelope, is discussed along with supporting arguments for low mass RGB stars in globular clusters, in Soker & Harpaz (2000) . Eggleton (2002) argues for enhanced mass loss rate from supergiants stars close to filling their RLOF. We conclude that Han et al. (2002) had no justification for using a mass loss rate as low as ≤ 0.5 times Reimers' mass-loss rate (Reimers 1975) , while ignoring enhanced mass loss rate due to fast rotation. No conclusions can be drawn from simulations that do not take into account the significant enhanced mass lose rate expected from rapidly rotating RGB and AGB stars.
It should be noted that the scenario outlined here is somewhat different from that in Soker (2002) , although the basic arguments concerning α CE are the same. Here the RGB star loses a substantial fraction of its envelope as it expands by a relatively large factor from the moment of synchronization to the RLOF. Soker (2002) mainly considers AGB stars which have much higher mass loss rates, hence they do not expand much after synchronization takes place and before they lose their entire envelope; they still can expand a little, mainly because of thermal pulses (helium flashes). The CE occurs as angular momentum is lost in the intensive AGB wind, and for a narrow range of parameters the companion enters the AGB envelope after a substantial fraction of the envelope have been lost; again, reducing the required value of α CE .
(2) Inclusion of the energy gained from the accreting WD. The accretion rate of a WD orbiting inside a CE is limited by the Eddington luminosity. This accretion can be a significant energy source (Armitage & Livio 2000) . Han et al. (2002) use either a WD of mass M W D = 0.3M ⊙ or M W D = 0.6M ⊙ . The total energy radiated at the Eddington luminosity during a time τ eq will equal the amount of energy liberated when a mass M e recombines when
Since the spiraling-in process is expected to take longer than 100 years (see fig. 10 of Han et al. 2002) , the total energy liberated by the accreting WD is much larger than that emitted by the recombining envelope. Even the total energy radiated by the RGB core, with L ≃ 1, 000L ⊙ , becomes larger than the ionization energy after ∼ 200(M e /1M ⊙ ) yrs, a period which is shorter than the spiraling-in process of a WD of mass M W D = 0.3M ⊙ ( fig. 10 of Han et al.) . As argued by Soker (2002) , an energy source is not a restriction in ejecting a CE; it is the momentum balance that requires careful consideration.
The situation may be different during outbursts in massive yellow hypergiant stars, e.g., ρ Cassiopeiae, where a large fraction of the envelope is retained during the outburst. Therefore, the ionization energy released by a large mass in the envelope can contribute to the ejection of a small fraction of the envelope (Lobel et al 2002) .
(3) realistic opacity consideration. Consider a radiation of total energy E which is accelerating a wind to velocity v. The total momentum supplied by the wind is βE/c, where c is the light speed and β is the effective mean number of times a photon is scattered in the wind before it escape. In AGB stars, which lose mass at a very high rate, typically β ∼ < 3 (Knapp 1986 ). Let us consider the case in which the recombination energy, converted to radiation, effectively expels a fraction f of the recombining mass to a wind's speed v. This requires the effective mean number of times a photon is scattered to be
This is a huge number of times, which requires a very high opacity in the wind. But as argued previously by one of us (Harpaz 1998) , the recombination sharply reduces the opacity, making the radiation emitted inefficient in ejecting the CE, in particular in the inner regions (Sandquist, Taam, & Burkert 2000) . More than that, as evidenced from planetary nebulae with binary nuclei, most of the ejected CE mass is in the equatorial plane (Bond & Livio 1990) . Hence radiation will more easily escape along the polar direction. The requirement on the envelope-opacity value in order to facilitated the ionization energy becomes unrealistically high.
To summarize, we find the statement by Han et al. (2002) on the role of the ionization energy to be unjustified.
